The protective antigen (PA) mediated internalization of the anthrax complexes is critical in the development of anthrax, which depends on specific membrane receptors, namely ANTXR1 (also known as TEM8) and ANTXR2 (also known as CMG2) [1] . In a screen for host proteins required for anthrax toxin action, low-density lipoprotein receptor-related protein 6 (LRP6) was found important for efficient toxin entry in human M2182 prostate carcinoma cells [2] , which interacts with both ANTXR1 and ANTXR2. However, the role of LRP6 in anthrax toxicity remains controversial as both in mice and in human HeLa cells, knockout or knockdown of LRP6 has no clear effect on their sensitivity to anthrax toxins [3] .
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LRP6 is an essential co-receptor for Wnt signaling, playing crucial roles in embryonic development, tissue homeostasis as well as tumorigenesis. LRP6 also serves as a co-receptor for the secreted Wnt inhibitor, Dickkopf1 (DKK1), which binds LRP6 and inhibits Wnt binding and signaling. The DKK1 binding triggers internalization of LRP6, especially in the presence of another DKK1 co-receptor, Kremen [4] . In the paper by Qian et al. [5] , the authors explored the potential role of DKK1/LRP6/Kremen complex in anthrax toxin uptake in different cell lines.
In M2182 cells, DKK1 knockdown by shRNA and knockout by TALEN both reduced the sensitivity of cells to anthrax toxins. In the RAW264.7 macrophage cell line, exposure of the cells to DKK1 antibodies also decreased the toxicity of anthrax toxin in a dose-dependent manner, suggesting that DKK1 promotes toxin uptake under these conditions. Mechanistically, they showed that DKK1 is in complex with ANTXR1 and ANTXR2 and facilitates internalization of anthrax toxins together with their receptors. Co-expression of Kremen with DKK1 and LRP6 further enhanced the uptake of anthrax toxins, highly reminiscent of the rapid internalization of the DKK1/LRP6/Kremen complex [4] . These results demonstrate that the anthrax toxins hijack the DKK1/LRP6/Kremen complex to mediate their entry into the target cells.
Interestingly, DKK1 does not simply promote the uptake of anthrax toxin; it functions in a bidirectional manner: moderate level of DKK1 promotes toxin uptake, while too low or too high level of DKK1 has little effect. In HeLa cells (which have a low endogenous DKK1 level) or the DKK1 / M2182 cells, overexpression of DKK1 with increasing doses firstly enhanced the sensitivity of the cells but then reduced it with higher DKK1 doses. These data might suggest a simple model for the role of DKK1/LRP6 in anthrax toxin uptake (Figure 1 ): the DKK1/LRP6 complex promotes anthrax toxin uptake through promoting the co-internalization of the toxin-receptor complex, especially in the presence of Kremen. The effect of LRP6 on anthrax toxin uptake would be weak without DKK1 but become evident with moderate level of DKK1. With overloaded DKK1, however, another possibi- Figure 1 Models for the role of DKK1 in anthrax toxin uptake. A, In the absence of DKK1, the uptake of anthrax toxin mediated by ANTXR1/2 is kept at a low rate. B, Moderate level of DKK1 protein promotes rapid internalization of LRP6, especially in the presence of Kremen, carrying along the anthrax toxin-receptor complex. C, Overloaded DKK1, however, leads to clearance of LRP6 together with the ANTXRs, thus reduces toxin uptake.
lity may exist that the membrane toxin receptors (ANTXR1 and ANTXR2) might be cleared from the cell surface due to their rapid endocytosis together with the DKK1/Kremen/ LRP6 complex, thus the toxin uptake gets limited. Such a model would propose that cells with high DKK1 and LRP6 expression show higher sensitivity to anthrax toxins, and in cells with low DKK1 expression, the role of LRP6 in anthrax toxin uptake is less prominent. Thus the difference of DKK1 expression levels might be the reason for the seemingly different role of LRP6 in anthrax toxicity in different cells. Of note, whether the endogenous expression of DKK1 would reach the inhibitory level still requires further investigation.
The current study suggests that the DKK1/LRP6/Kremen complex likely works as a Trojan horse to facilitate anthrax toxin uptake. The internalization of LRP6 and Kremen induced by DKK1, as well as that of the anthrax toxinreceptor complex, has been suggested to be clathrinmediated. However, the following fates of the internalized receptors are not well documented. In addition, Wnt3a has also been shown to induce internalization of LRP6 with caveolin, and whether Wnt3a and other Wnt ligands could promote anthrax toxin uptake is also an open question.
